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The Porcine Stress Syndrome (PSS) is a genetic abnormal­
ity in which an animal lacks the ability to adapt to stressors 
which are encountered during his lifetime. The condition is 
characterized by a sudden death after stress. Death is pre­
ceded by a rise in body temperature, metabolic acidosis» and 
muscle rigidity, with rigor mortis occurring promptly following 
death. Stressful situations which may trigger this syndrome 
include mixing of strange pigs, trajisport, handling, rapid 
change in environment, and certain management practices. The 
effect of PSS on subsequent meat quality is generally detri­
mental. In herds with high incidence of the syndrome there 
is an increased occurrence of both pale, soft, and exudative 
musculature (PSE) as well as an increase in dark, fim, and 
dry musculature (DFD) among the carcasses of slaughter ani­
mals. Pigs that are susceptible to this syndrome are usually 
very muscular with little external fat. 
The economic impact of PSS is manifest in more than one 
segment of the industry. Producers encounter death loss from 
routine management and handling of the pigs at the farm in 
addition to an increased death loss during transport to 
market. In addition, meat packers experience considerable 
loss due to decreased carcass quality of stress-susceptible 
animals. Hall (1972) estimated the adverse economic impact 
of PSS and its resulting poor quality lean to be between 230 
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and 320 million dollars per year in the United States; with, 
the loss at retail due to excess shrinkage and lower yields of 
PSE meat to account for approximately 95 million dollars of 
this. Briskey (1964) reported monetary losses amounting to 
millions of dollars to the meat packing industry due to PSE 
muscle. Adding to this the theorized reduced productivity 
of stress-susceptible animals makes the economic impor-tince 
of PSS quite sizeable. The incidence of PSS, as estimated by 
Livestock Conservation, Inc. (1971) in a survey, showed that 
36% of those U.S. hog producers responding to their survey 
had experienced some problem with PSS. These affected herds 
constituted 44^ of the U.S. market hog production. 
Due to its large monetary importance and frequency of 
occurrence, this problem has received an enormous amount of 
research effort. The main areas of research concentration 
have been towards characterizing post-mortem muscle changes 
of PSS susceptible pigs and determining the etiology of the 
complex. Since the early work of Ludvigsen (1957) and 
Briskey et al»(1959a, i959b)» considerable research has bssn 
centered of this latter aspect of PSS. Beginning in the early 
1970*s researchers at Iowa State University have concentrated 
on developing methodologies that would be useful in early 
detection of stress-susceptibility. Different techniques 
have been developed to aid in this determination of PSS 
susceptibility. Some of these include phenotypic scoring, 
halothane screening, blood enzyme assay, and more recently 
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blood typing. One goal of this dissertation will be to 
evaluate these different predictors of PSS susceptibility. 
Another primary goal of this dissertation will be to 
accurately determine the genetic mechanism of inheritance of 
the Porcine Stress Syndrome. Although the mode of inheritance 
of Malignaiit Hyperthermia has been the topic of limited in­
vestigation, the inheritance of these abnormalities merits 
much more complete investigation as the ideas concerning this 
topic which have been published are contradictory. 
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LITERATURE REVIEW 
Introduction to Literature Review 
The Porcine Stress Syndrome and its many aspects is an 
extremely broad and complex topic. Those interested in 
greater detail concerning the physical and chemical reactions 
involved in PSS, its etiology, and its effects on post-mortem 
glycolysis are referred to review articles concerning these 
topics by Briskey (1964), Cassens (1974), and Campion and 
Topel (1975) • An attempt will be made to review in broad 
terms the physical reactions, biochemical reactions, post­
mortem muscle characteristics, meat quality, and some pos­
sible etiologies concerning the Porcine Stress Syndrome. In 
addition the relationship of PSS to Malignant Hyperthermia, 
halothane screening, phenotypic scoring, blood enzymes, and 
blood types will be reviewed with special emphasis put on 
the genetic aspects of PSS. 
Physical Reactions and Changes 
The physical reactions that occur in an animal suscep­
tible to the Porcine Stress Syndrome has been cataloged quite 
extensively by many independent research efforts. Topel et al. 
(1968) described PSS as an acute shock-like condition that 
often oecurs during or following certain stressful situations. 
Eikelenboom (1972) reported that the intensity of the reaction 
of stress-susceptible pigs to the stressors can be so violent 
that the pigs expire before slaughter. Christian (1974) de-
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fined PSS as sudden death in heavily muscled pigs after 
stress. PSS was characterized in the live animal by Topel 
et al»(1968), Muyle et al«(1968), Eikelenboom (1972), and 
Christian (1974) as showing an elevated body temperature, 
muscle ridgity, slight cyanosis, anxiety, and increased 
respiration rates. These researchers also noted that death 
was followed by a rapid onset of rigor mortis. It was also 
demonstrated by Briskey et al (19^2), Bendall et al. (1963)» 
Forrest ^  al. (1966), and Schmidt et al. (1970a) that muscle 
from stress-susceptible animals exhibited a shorter time 
course of rigor mortis than did muscle from stress-resistant 
animals. 
Biochemical Reactions 
One of the primary aberrant biochemical reactions found 
in animals susceptible to Porcine Stress Syndrome is an ac­
celerated rate of glycolysis. This accelerated glycolytic 
rate was found to be associated with the development of the 
PSS condition by Briskey st 2^ (i959o): Sayre and Briskey 
(1963)» and Kastenschmidt ^  al. (1964). Also, Sybesma and 
van Logtestyn (I966) found an accelerated post-mortem gly­
colysis to be highly related to body temperature just prior 
to slaughter in Dutch Landirace pigs. The levels of some 
intermediate compounds involved in glycolysis have been 
found to differ between normal and stress-susceptible animals. 
Kastenschmidt ejt al. (1964) compared levels of glycolytic in­
6 
termediates in post-mortem samples from 'fast' and 'slow' gly-
colyzing muscle and found high levels of hexosemonophosphates 
and pyruvate in the samples derived from the fast glycolyzing 
muscles. Allen ^  al« (1970) reported a raised level of glu­
cose from liver glycogen mobilization in Pietrain pigs. Also, 
a large increase in the levels of aspartate transaminase and 
a decrease in lactate dehydrogenase was found. Bickhardt 
(1971) found significantly increased levels of glycolytic in­
termediates in a strain of pigs with a high incidence of PSE 
when compared with normal non-PSE prone pigs. Berman and 
Kench (1973) reported an accumulation of fructose 1,6 diphos­
phate in stress-susceptible Landrace. Jones et al.(1976) 
found a significant reduction in glucose 6-phosphate concen­
tration in stress-resistant pigs. 
Stress-susceptible animals have exhibited a rapid post­
mortem pH decline due to an increased acidosis caused by an 
accumulation of lactic acid. Briskey (1964) slaughtered PSS 
susceptible animals and found those susceptible to have a 
more rapid post-mortem pH decline caused by the accumulation 
of large quantities of lactic acid than did control animals. 
In some cases there was found to be an exhaustion of muscle 
glycogen in susceptible animals prior to sacrifice which re­
sulted in a retarded post-mortem pK decline. Judge ^  aL 
(1972) suggested that the acidosis of stress-susceptible pigs 
is the result of lactate produced by anaerobic glycolysis of 
muscle. Boon (1971) also reported a rapid pK fall. Allen 
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et al' (1970) demonstrated the development of acidosis in Piet-
rain pigs to be due to lactic acid buildup from muscular aner-
obic glycolysis. Berman and Kench (1973) observed an accumu­
lation of lactate during the onset of PSS. Muscle during post 
mortem glycolysis from PSS susceptible animals has been shown 
to have a build up of lactic acid by Briskey and Wismer-
Pedersen (196I), Eikelenboom and Sybesma (1969)t Schmidt et al. 
(1972), and Jones et aO- (1976). 
Differences in the amounts of various energy storage 
compounds between susceptible and resistant swine have been 
shown by numerous researchers. Susceptible animals have been 
shown to possess lower levels of ATP or have an increased rate 
of depletion of ATP by Briskey and Wismer-Pedersen (I96I), 
Eikelenboom and Sybesma (1969), Sybesma and Eikelenboom (1969), 
and Jones ^  ai (1976). In addition, lower levels of creative 
phosphate (CP) or increased depletion of CP in susceptible 
swine has been reported by Berman and Kench (1971), Bickhardt 
(1971), Schmidt et aL (1972), and Berman and Kench (1973). 
Quass and Briskey (I968) found that calcium activated ATPase 
activity of myosin extracted from post-mortem samples of PSS 
susceptible pigs was significantly greater than that of pigs 
with acceptable meat quality. Roon (1971) reported a decrease 
in respiratory activity and an uncoupling of oxidative phos­
phorylation in post-mortem samples from susceptible animals. 
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Post-Mortem Muscle Characteristics and Meat Quality 
It has been recognized that some animals when slaughtered 
produced carcasses with abnormal muscle characteristics and 
meat quality. Ludvigsen (1957) noted a "muscle degeneration" 
resulting in a pale gray discoloration of the skeletal muscle. 
Briskey êî. âi? (1959b) reported a pale gray discoloration upon 
post-mortem examination of porcine skeletal muscle. They re­
ferred to this condition as pale, soft, and watery or exuda­
tive tissue and hence the usage of PSE was coined. 
The occurrence of meat with this abnormal quality causes 
considerable monetary loss to the meat industry. Briskey 
(1964) stated that the characteristics of meat with PSE 
quality make it less suitable to the meat industry for proc­
essing as canned products. It was reported by Eikelenboom 
(1972) that another economical disadvantage of PSS suscep­
tibility besides transport death is the loss of wei^t which 
is a consequence of the inferior water binding and excessive 
drip loss in muscles of PSE carcasses. Decreased consumer 
acceptance of pre-packaged fresh porcine muscle for that 
reason was also speculated. Cassens (1974) said that it is 
clear there is a loss in PSE meat due to drip (in terms of 
shrinkage and loss of nutrients) and that PSE meat has poorer 
processing characteristics than normal pork for specific pur­
poses such as canned hams. He also stated that there is 
marked disagreement in the literature about the palatability 
of PSE meat. 
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Abnormal muscle quality in stress-susceptible swine is 
not limited to the PSE condition. Briskey et al. (1959b) re­
ported a single severe exercise or stress to reduce muscle 
glycogen and produce post-mortem muscle with high pH and dark 
color. Briskey (196^) concluded that animals susceptible to 
stress could develop both PSE meat and meat that was dark, 
firm, and dry (DFD). He stated that in some cases there is 
an exhaustion of muscle glycogen prior to slaughter which 
results in a retarded post-mortem pH decline. It is meat 
subjected to these conditions which became dark, firm, and 
dry. Also, he stated that both these muscle quality devia­
tions may occur simultaneously in the same carcass resulting 
in a "two-toning" effect. Judge et al. (196?) reported that 
while brief antemortem stress accelerates glycolysis in the 
stress prone pig, prolonged stress actually tends to produce 
DFD muscle in PSS susceptible pigs. Topel (1969) found that 
post-mortem muscle characteristics of PSS swine were highly 
associated with the length and duration of preslaughter stress. 
This was considered to result from an altering of the rate of 
post-mortem glycolysis. Furthermore, Topel (1972) summarized 
observations on slaughtering of PSS pigs immediately after ar­
rival at a packing plant or holding them overnight after a 
long transport. Pigs slaughtered scon after a short transport 
had an average ultimate pH of 5-31 and were PSE; pigs held 
overnight had a pH of 6.85 and were DFD. 
It is generally acknowledged in the literature that 
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stress-susceptible animals show a greater incidence of abnor­
mal meat quality. This can be shown by observing the rela­
tionships between measures of stress-susceptibility and post­
mortem muscle characteristics. Forrest et aX (1966) found 
that muscle which exhibited PSE characteristics had a short 
time course of rigor. Sybesma and.Hessel-de Heer (196?) re­
ported a significant relationship between post-mortem rigor 
time and muscle quality characteristics* with 60fè of those 
carcasses experiencing rigor at 40 minutes showing abnormal 
muscle quality at 24 hours post-mortem. Sybesma and van 
Logtestyn (196?) concurred with these findings. Davis ^  aL 
(197^) reported a significant relationship between pH at 45 
minutes post-mortem and loin color score of the M. longis-
simus. Schmidt et al.(1974) found levels of ATP, creative 
phosphate, and lactic acid were significantly correlated with 
loin color score. Watson (1976) reported there were signifi­
cant differences between stress-susceptible and control swine 
in post-mortem muscle characteristics. Stress-susceptible 
animals had a significantly lower pH at 45 minutes post-mortem 
and a higher reflectance and transmission values. 
Possible Etiologies 
Much research effort has been directed toward determin­
ing the exact etiology of the Porcine Stress Syndrome. Un­
fortunately, this goal hasn't yet been achieved. Allen et al. 
(1970) theorized that genetically determined metabolic abnor-
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malities may be responsible for the condition. One of the 
more popular theories is that of adrenal insufficiency. Early 
work by Ludvigsen (195^) postulated that pigs which accumulate 
high levels of lactate produce insufficient amounts of adrenal 
corticoids necessary to insure the adequate circulatory func­
tion needed to remove lactic acid from the muscle into general 
circulation. Topel (I968) concurred with this opinion. Cas-
sens et ai (1965) presented evidence of adrenal abnormality 
in stress-susceptible pigs. Judge et al. (I968) suggested 
that a factor, possibly located in the adrenals, causes failure 
in the circulation of thyroxine to stimulate oxidative meta­
bolism. Lister (1969) found PSS pigs more reactive than nor­
mal when the stressor imposed was anoxia. He postulated that 
such a pre-exsanguination anoxia might be provoked by an ab­
normal adrenergic response to aji external stressor. 
Another possible etiology that has been theorized is a 
breakdown in oxidative phosphorylation. Sybesma (1964) show­
ed that a decreased functioning of the thyroid gland led to a 
decreased efficiency of oxidative phosphorylation and thus to 
decreased levels of energy rich phosphates. Sybesma and Eik-
elenboom (I969) suggested that muscle mitochondria of stress-
susceptible pigs may suffer an uncoupling of oxidative phos­
phorylation. If mitochondria become uncoupled in vivo, the 
energy liberated by the oxidative process is not used to syn­
thesize ATP from ADP and inorganic phosphate, but is released 





and muscle rigidity. Roon (1971) suggested that muscle con­
taining a smaller number of intact mitochondria just after 
slaughter will be prone to PSE. A decrease in respiratoiry 
activity and an uncoupling of oxidative phosphorylation was 
observed in such samples. However, Campion et al. (1974) pre­
sented conclusive evidence that there is no difference in 
respiratory function or rate between normal and stress-
susceptible swine. 
An increase in the overall ATPase activity has also 
been theorized as a possible etiology of PSS. Bendall (1966) 
concluded that the rate-determining step in the post-mortem 
biochemical changes responsible for PSE was the overall 
ATPase activity. Berman and Kench (1973) also suggested that 
activation of an ATPase system was the primary "^vent and that 
glycogenolysis was accelerated by a mechanism other than de­
pletion of stored ATP. Jones ^  (1976) stated that since 
the heart requires ATP and CP for contraction, the possibility 
exists that low levels of energy metabolites may cause the 
heart to cease functioning in stress-susceptible pigs. Cheah 
and Cheah (1976) postulated that the reason for PSE and MHS 
was a rapid efflux of Ca"^"^ from the mitochondria of stress-
susceptible pigs. Di Marco et aJ. (1976) showed that the 
livers of stress-susceptible animals possess a lower capac­
ity to incorporate lactate into glucose and to oxidize lac­
tate to carbon dioxide. 
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Prediction of PSS Susceptibility 
Relationship to Malignant Hyperthermia 
A human disease. Malignant I^perthermia Syndrome (MHS), 
appears to have very nearly the same clinical symptoms as the 
Porcine Stress Syndrome. This disease is characterized by a 
progressive increase in body temperature (Denborough and 
Lovell, i960). Denborough et al. (1962) enumerated the char­
acteristics of MHS in humans and their respective families 
as: familial occurrence, high serum CPK, pronounced muscular 
development, and a relatively high incidence of sudden and 
unexplained deaths. Wilson et al. (1967b) referred to this more 
acute complication of halothane anesthesia as malignant hy-
perplexia. The symptoms included a progressive hyperplexia, 
tachycardia, and a severe generalized muscle spasm. Britt 
and Kalow (1970) referred to MHS as an abnormal response to 
anesthesia in humans characterized by a progressive increase 
in body temperature, severe generalized muscle spasm, and 
metabolic acidosis. 
The triggering agent for MHS in humans has been reported 
to be exposure to one or a combination of anesthetics (us­
ually halothane) by Britt and Kalow (1970). Britt (1972) 
listed further triggering agents as methoxyflurane, diethyl 
ether? or any skeletal muscle relaxant such as decamethonium, 
gallamine, or succinylcholine. MHS has been provoked in 
swine by the use of halothane (Harrison ^  al, 1968, Sybesma 
and Eikelenboom, 1969; and Christian, 197^)» halothane 
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plus succinylcholine (Harrison et ai, 1969; Woolf et a3>, 
1970), halo thane plus suxame thonium chloride (Hall et al*, 
1966), and Fluothane plus thiopentone sodium (Allen et al»» 
1970). 
The incidence of MHS in humans has been estimated to be 
from 1 in 15,000 (Britt and Kalow, 1970) to 1 in 50,000 
adults (Snow et ai, 1972). The inheritance of malignant 
hyperthermia has been suggested to be autosomal dominant of 
variable penetrance and expressivity (Denborough et al», 1962, 
Britt et al», 1969; and Harriman ^  al», 1973) • 
Halothane Screening 
Hall et al, (1966) reported that certain pigs developed 
symptoms similar to Porcine Stress Syndrome when exposed to 
membrane depolarizing agents. Eikelenboom and Sybesma (I969) 
also reported that general anesthesia using the volatile 
anesthetic, halothane, might provoke the same symptoms in 
stress-susceptible pigs as as those which are observed after 
stress conditions. 
Exposure to halothane has been found to provoke symp­
toms of PSS and MHS in the Pietrain (Sybesma and Eikelenboom, 
1969; and Allen ^  ai,, 1970), Yorkshire (Christian, 1972; and 
Christian, 1974), Landrace (Harrison et al.. 1968, Berman et al. 
1970i and Berman and Kench, 1973)» and Poland China (Woolf 
et al., 1970, Jones _et 1972; and Nelson et ai, 1972) 
breeds of swine. 
Harrison (1971) found the mode of action of halothane 
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appears to be peculiar to skeletal muscle itself. Snodgrass 
and Piras (1966) observed an uncoupling of oxidative phos­
phorylation in rat liver mitochondria when incubated with 
halothane. Fink and Kinney (1968) while studying the effect 
of halothane on mouse cell cultures found an increase in 
glucose uptake and lactic acid output indicating an increased 
glycolysis. Eikelenboom and Sybesma (1974) observed that 
halothane administration inhibited the state 3 respiratory 
rate of mitochondria. 
Phenoty-pic Scoring 
One of the easiest and least expensive methods of pre­
dicting stress-susceptibility is selection on the basis of 
the individuals visual appearance. It is commonly expressed 
in the literature that stress-susceptible animals are ex­
tremely muscular with little backfat (Sybesma and Hart, 1965» 
Forrest et ai, 1968, Topel ^  a3j, 1968, Judge, 1969; and 
Unshelm et al.» 1971) « Christian (1974) found all stress-
susceptible animals to be muscular, but not all muscular 
animals stress-susceptible. He suggested avoiding small 
statured, extremely muscular pigs with large oval hams, tight 
jowls and middles, with an evident separation of the ham 
muscles as possible means of reducing PSS sires in problem 
# X \i.a VCk vj o 
tible and resistant pigs is scarce. However, Christian 
(1974) phenotypically scored a group of 44 Yorkshire pigs 
for stress-susceptibility on a scale of one (resistant) to 
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ten (susceptible). These scores were compared to halothane 
screening results. Nine of the 44 pigs were misclassified. 
While easy to employ, the procedure is subjective and its 
accuracy below the desired level. 
Creatine Phosphokinase Levels 
One method vAiich holds some promise for the detection 
of stress-susceptibility is measurement of the blood enzyme 
creatine phosphokinase (CPK) » The function of CPK was de­
lineated by Nevins ^  al.» 1973 • CPK is essential to the 
energy storing mechanism of tissues by catalizing the rever­
sible reaction: 
Creatine + ATP . Creatine Phosphate + ADP 
If normal ATP synthesis is interrupted, muscle ATP depletion 
will result in rigor mortis. CPK is present in various tis­
sues of the body, with the highest concentrations in skeletal, 
heart, and brain tissue. There are many possible causes of 
CPK elevation including myocardial infarction, tachycardia, 
intzraznuscular injections, exercise, muscle injury; and dis­
eases such as muscular aystrophy and hypotheroidism. 
It has been noted that humans susceptible to MHS and 
their relations had elevated CPK levels in their blood (Den-
borough ejt al., 1970; and Britt et al», 1973)« Along these 
lines, the serum levels of CPK were measured in both stress-
susceptible and resistant swine and susceptible animals were 
found to have hi^er levels of serum CPK (Schmidt et al.. 
17 
1970a, Allen and Patterson, 1971, Bickhardt, 1971; Heddy et 
al., 1971, and Eikelenboom et al., 1976a). Addis et al., 1974, 
concluded that a single measurement of serum CPK levels may 
be sufficient to determine the degree of stress-susceptibility 
in swine. Christian (197^) obtained CPK samples from the ear 
vein and found stress-susceptible animals to have a signifi­
cantly greater CPK after stress both at weaning and slaughter. 
He concluded that CPK was a good predictor of stress-suscep­
tibility if the blood sample is carefully obtained. Watson 
(1976) found no significant difference in mean resting CPK 
levels between control and stress-susceptible swine. He 
found the influence of transport and handling caused a sig­
nificant increase in total CPK levels I6-I8 hours following 
transport. Also, he observed mean CPK levels four hours post-
halothane screening were significantly higher for the stress-
susceptible group compared to a control group. Transport and 
handling caused a significantly higher increase in total CPK 
levels in susceptible versus control swine. This indicates 
that stress-susceptible pigs were unable to adapt as readily 
to the stress of transport and handling. 
There has been differing results concerning the repro­
ducibility of CPK measurements. Schmidt et ai. (1973) • re­
ported a poor repeatability of serum CPK levels- However, 
Addis et aX» (197^) reported reproducible results for CPK 
estimation in stress-susceptible swine with very little 
variation in serum levels from week to week. Also, Beermaji 
i ; 
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et al. (1975) reported a variation of total CPK in duplicate 
samples of only 2.04^. 
Reported relationships of CPK level to post-mortem 
muscle characteristics have been inconsistent. Schmidt ^  al. 
(1973) found a low correlation between serum CPK levels and 
meat quality parameters from unstressed swine. Schmidt et 
(1974) reported that CPK levels were not consistently asso­
ciated with any meat quality or quantity trait. However, CPK 
levels were found to be significantly correlated with muscle 
pH at death. Addis et al.(1974) found CPK levels were nega­
tively correlated with muscle pK at 45 minutes post-mortem. 
Watson (1976) failed to detect any significant associations 
of total level of CPK with any post-mortem muscle charac­
teristics. 
Blood Types 
The newest predictor of stress susceptibility to be in­
vestigated is that of blood typing. The relationship of 
blood type, particularly for alleles in the H system, with 
reproductive and growth "Craits has been reported previously. 
Jensen ^  al. (1968) found animals carrying the allele were 
superior for weight gain to those possessing the allele, 
while the opposite was true for reproductive traits. Ani­
mals with neither or (denoted as H~) were intermediate 
for both traits. The authors estimated response to fixing 
the allele was to increase litter size by one-half to one 
extra pig per litter. Rasmusen and Hagen (1973) also found 
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the H blood group system to be related to reproductive per­
formance in pigs as a result of both incompatibility for the 
factor and differences in fitness among genotypes for the 
H-system alleles. 
The first use of H blood types as predictors of stress-
susceptibility was by Rasmusen and Christian (1976). They 
presented evidence that PSS is associated with blood type in 
the H system. Yorkshire and Yorkshire crossbred pigs (144) 
from 26 litters were tested for stress-susceptibility at 
seven to ten weeks of age and classified as rigid or non-
rigid according to their response to halothane anesthesia. 
Independent tests for red cell antigens of both H and A-0 
systems were conducted. In the A-0 system pigs exhibited 
hemolysis with either A or 0 antisera or failed to react with 
either reagent. Seventeen pigs were negative in the A-0 sys­
tem and All were susceptible to PSS. Thirty-eight 
pigs positive for either A or 0 in the A-0 system and 
were stress-resistant. Of 16 pigs that were H~H~, 
15 were stress-susceptible. Of 49 pigs that were iT'tC, 14 
were stress-susceptible. Of 12 pigs that we ire all were 
PSS-free, as were 11 of 12 pigs that were K°K~. 
These results could stem from a linkage between the 
H-blood system and enzymes involved in energy production. 
Andresen (1970a) showed a close linkage between the H-system 
and 6-phosphogluconate dehydrogenase (6-PGD) loci in Danish 
Landrace pigs. Using nine test cross matings with 59 off­
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spring the recombination frequency was found to be 3.4#. An-
dresen (1970b) also found a close linkage between the H-
system and phosphohexose isornerase (PHI) loci in Duroc pigs. 
Using ten double backcross matings with 78 offspring he found 
a recombination frequency of 2.6#. Andresen (1971) deter­
mined the linear sequence of these three loci to be PHI, H, 6-
PGD using 13 double backcross matings with 86 offspring. 
Genetics of the Porcine Stress Syndrome 
One of the main goals of this study is to clarify the 
mode of inheritance of stress-susceptibility. Unfortunately 
this is a research area that has received little attention. 
In the research that has been conducted there exists consid­
erable inconsistency concerning the genetic mechanism. 
Hall ^  al. (1966) found three littermates to be suscep­
tible to a stress of halothane anesthesia. He reported that 
this occurrence in three littermates indicates this abnormal 
reaction is probably genetically determined. Alien ^  al. 
(19?0) screened ten Fietrain pigs and found seven fatalities= 
He concluded that genetically determined metabolic abnor­
malities were responsible for the condition. 
If the Porcine Stress Syndrome and Malignant Hyper­
thermia Syndrome are indeed the same genetic abnormality as 
previously suggested, then the mode of inheritance based on 
MHS studies must be assumed to be autosomal dominant, with 
variable penetrance and expressivity (Denborough et al., 1962, 
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Britt et 19^9; and Harriman et aL, 1973). Williams (1974) 
in his research with a strain of stress-susceptible Poland 
China swine discounted simple Mendelian single gene inheri­
tance by either dominant or recessive means. He determined 
stress-susceptibility by halothane screening and temperature 
changes, with a rigidity response to halothane only a secon­
dary development. He concluded there are two separate genes 
for stress-susceptibility. However, Christian (1974) in de­
termining stress-susceptibility by reaction to halothane 
anesthesia found his results failed to support the dominance 
theory of inheritance and supported a recessive inheritance 
model. 
Eikelenboom ^  al. (1976b) and Minkema et al. (1976), made 
a series of matings between Dutch Landrace pigs which were 
classified as either stress-susceptible or resistant based 
on their reaction to halothane anaesthesia. In nine matings 
of reactors (susceptible) with reactors, all 72 offspring 
were stress-susceptible. In 12 of 13 litters from crossings 
of non-reacting carriers, the percentage reactors found per 
litter did not differ statistically from the percentage to 
be expected if a single gene was involved. He concluded 
that the expression of Malignant Hyperthermia Syndrome was 
controlled by a single pair cf autosomal recessive genes. 
This monofactorial inheritance was also suggested by Lampo 
(1976) from the frequency of creative kinase levels in swine 
populations studied for stress-susceptibility. 
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METHODS AND MATERIALS 
Description of Experiment 
An experiment involving Yorkshire, Yorkshire crossbred, 
and inbred Poland China pigs was conducted at Iowa State Uni­
versities Bilsland Swine Breeding Farm to determine the gene­
tic mechanism of the Porcine Stress Syndrome (PSS) and to 
evaluate different predictors of susceptibility to PSS. Al­
though this experiment began in 1972, this dissertation will 
concern only litters farrowed in three seasons; 1975 Spring, 
1975 Fall, and 1976 Spring. 
Nineteen litters were farrowed in the 1975 Spring far­
rowing, 22 litters in the 1975 Fall farrowing, and 25 litters 
in the 1976 Spring farrowing. Four sires were used in the 
1975 Spring season, five sires In the 1975 Fall season, and 
four sires were used in the 1976 Spring season. In all 
three seasons the females included both stress-susceptible 
and stress-resistant individuals. In the 1975 Spring season 
both sbress-suâoeptible and stress-resistant boars were used. 
However, all stress-resistant males had produced some pigs 
that were susceptible to PSS. In the 1975 Fall and 1976 
Spring seasons, only stress-susceptible males were used. All 
matings were by natural service in outside lots with one sire 
assigned to each lot. Females were observed daily for estrus 
and date of service was recorded when observed. 
The breeding herd was housed in concrete lots with 
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shelter open to the south only. All breeding animals were 
limit fed a nutritionally balanced corn-soybean meal ration. 
Sows were farrowed in total confinement flushing-gutter type 
farrowing barns. At approximately three weeks of age the 
sows and litters were moved into nursery facilities consist­
ing of concrete floored pens for each dam and litter. Litters 
were weaned at five to six weeks of age and moved to eight 
feet by 16 feet modified open fronted finishing pens at nine 
to ten weeks of age where eight to ten animals were grouped 
per pen. Animals were ad libitum fed a 16 percent protein 
corn-soybean meal ration (Table 1) to market weight or until 
selected for replacement. 
Testing Procedures 
Halothane Screening 
All pigs in the experiment were exposed to the anesthet­
ic gas halothane in order to observe their reaction to this 
stressor. Earlier research (Christian, 1974; and Eikelen-
boom and Sybegma. 19^9) has indicated that this is an accurate 
method of determining stress-susceptibility without the high 
death loss incurred from some other methods. A closed sys­
tem, rebreathing anesthetic machine equipped with a vaporizer 
was used. The triggering agent of PSS was the membrane de­
polarizing anesthetic gas halothane (Fluothane). The only 
other gas source used was oxygen at a constant flow rate of 
one liter per minute. Each pig was exposed to the anesthetic 
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Table 1. The growing-finishing ration that was fed. 
Ingredient Pounds 
Ground yellow corn (8.8# protein) 1,462 
Soybean meal (44# protein) 375 
Dehydrated alfalfa meal 50 
Meat and bone meal 50 
Calcium carbonate (38# Ca) 10 
Diacalcium phosphate (26# ca, 18.5# P) 20 
Salt 10 
Neomycin (50 gr./lb.) 1 
Terramycin (50 gr./lb.) 1 
Vitamin E (20,000 I.U.) 1 
Vitamin-trace mineral permix^ 20 
2,000 
^Twenty pounds vitamin-trace mineral premix provides the 
following per ton oz. feed: 6 million U.S.P. Vitamin A, 3 
million U.S.P. Vitamin D3» 4 grams Riboflavin, 8 grams Pan­
tothenic acid, 100 gzrams Choline chloride, 20 grams Niacin, 
30 mlg. Vitamin B12, 1,000 mlg. Vitamin K, 80 p.p.m. Fe, 175 
p.p.m. Cu., 75 p.p.m. Mu, 3.5 p.p.m. 1., 2.25 p.p.m. Co. 
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for a period of three minutes or until muscle rigidity ensued. 
The vapor level was maintained at six percent for a period of 
one minute then lowered to two percent for two additional 
minutes. This procedure was followed in both the 1975 Spring 
and 1975 Fall seasons. However, the 1976 Spring pigs were 
exposed to the gas at a six percent level for the entire 
three minutes. This procedural change was made to negate any 
lag in vapor level created by changing from one level of the 
anesthetic to the other. 
A commercially made cone-shaped mask with a rubber 
collar that fitted tightly over the snout and head of the pig 
was utilized to direct the vapor to the animal. The thin 
rubber collar partially covered the open end of the face mask 
and assured a tight fit on each pig so as to prevent any gas 
loss. This approach also expedited screening by eliminating 
the need for entubing each animal with an endotracheal tube. 
All pigs were exposed to the anesthetic gas between eight 
and ten weeks of age. 
The pigs were closely monitored while being exposed to 
halothane in order to differentiate between a positive and 
negative response. As soon as a positive response was de­
termined the pig was taken off the halothane. Failure to 
act promptly often resulted in the termination of the animal 
following hyperplexia and increased rate of respiration. The 
reactions monitored were muscle rigidity, blotching of the 
skin, and respiration rate. Muscle rigidity was primarily 
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monitored by observation and palpation of the inner muscles 
in the ham region. The pigs were held from behind in an up­
right position by grasping the front legs and holding the 
rear legs slightly above the level of the floor. This ex­
posed the underside of the animal to the technician monitor­
ing the response. This positioning further enabled the de­
tection of any blotching of the skin or changes in respira­
tion rate. A stress-susceptible or positive reaction would 
involve a pronounced muscle rigidity sometimes accompanied 
by blotching of the skin and a fitting of the gas. A 
stress-resistant or negative reaction would simply involve 
the pig going to sleep under the influence of the anesthetic 
gas. Unfortunately the reaction to halothane is not always 
completely clear cut and there are some cases that are diffi­
cult to interpret, thou^i these were relatively few in num­
ber. 
CFK Blood Sampling 
The total level of the blood enzyme creative phospho-
kinase was determined by two separate methods. Blood samples 
were obtained from an ear vein following puncture by a small 
gauge needle. This approach was followed to avoid any pos­
sible contamination with muscle tissue since the latter is 
high in GPK content: These blood samples were obtained ap­
proximately two to four hours after stress by halothane 
screening. This time interval between stress and blood samp­
ling is in accordance with findings by Watson (1976) that 
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CPK levels in the "blood will peak sometime during this period. 
These blood samples were allowed to clot, and separation of 
serum was accomplished by centrifugation at 20,000 rpm. for 
20 minutes. The determination of total CPK level in the blood 
was obtained by the procedure of Sigma Chemical Company (1973)• 
It is a colorimetric determination for CPK at 520 mu. 
The second method used to determine CPK level is the 
Antonik method. For this method two to three drops of blood 
were dripped from a punctured ear vein onto a small piece of 
filter paper. These samples were then sent to Antonik Labor­
atories, Elk Grove Village, Illinois; where total CPK level 
was independently determined using another method. Their 
method involved mixing a constant portion of the blood sample 
with an excess amount of creatine phosphate (CP) and adeno­
sine diphosphate (ADP). The result was the production of 
adenosine triphosphate at a level directly proportional to the 
amount of CPK in the blood sample. This reaction is as follows: 
OP + ADP CPK In blood sample ^  ^^eatine + A5P 
The end products of this reaction were then exposed to excess 
luciferin, a chemical from the glowing apparatus of the fire­
fly and the enzyme luciferin-luciferase; which, in the pres­
ence of ATP will emit light according to the following for­
mula; 
ATP + luciferin l"giferin-luoiferase ^  
The amount of light emitted is directly proportional to the 
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amount of ATP present; which in turn is directly proportional 
to the level of CPK in the original blood sample. The amount 
of light emitted is then measured using a photometer. 
Blood Typing 
At the time of blood sampling for analysis of total CPK 
level, another "blood sample was obtained for blood typing. 
This sample consisted of two to three ml. of blood dripped 
from an ear vein into a test tube containing a citrate solu­
tion. These samples were then shipped to the University of 
Illinois where they were typed by Dr. B. A. Rasmusen. 
The procedures used were in accordance with Rasmusen and 
Christian (1976). The blood factors A, 0, Ba, Bb, Ca, Da. Ea, 
Eb, Ed, Ee, Ef, Eg, Pa, Ga, Gb, Ha, He, Ja, Ka, Kb, La, Lb, 
Lf, and Lg were identified; however, only blood factors A, 0 ,  
Ha, and He appear to be involved with PSS susceptibility. The 
H-system is a complex system of blood groups controlled by at 
least seven alleles (Hojny*, 1973)* Blood types in the A and 
0 system were divided into two catégories: those giving 
hemolysis with anti-A or anti-0 and those giving no hemolysis 
with either reagent. The AO system in pigs is similar to the 
ABO system of humans in that A is dominant to 0, so that pigs 
are either A or 0 (there being no B type). However, some 
pigs fail to express their true A-O type because of their 
H-system genotype. Certain pigs homozygous for blood factor 
Ha have red cells negative for A and 0 (Rasmusen, 1972). In 
testing for blood factor Ha, two reagents, h^ and h°, were 
used. When testing with reagent h^ animals homozygous for 
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are more reactive while heterozygotes are less reactive. 
Carcass Information 
Four groups of from 14 to 24 pigs, each including stress-
susceptible and stress-resistant individuals, were slaughtered 
in order to obtain carcass information. These pigs were 
slaughtered in a commercial packing plant using standard 
slaughter procedures. Slaughter data obtained included car­
cass length measured as the distance from the anterior edge 
of the aitch bone to the anterior edge of the first rib where 
it attaches to the thoracic vertebrae. Carcass backfat was 
the average of the three fat depth measurements taken over 
the midline at the first and last thoracic vertebrae and the 
last lumbar vertebrae. Fat depth at the tenth rib was ob­
tained by measuring the fat depth at the three-quarter dis­
tance along the loin eye (closest to the belly side) from the 
edge of the loin eye muscle to the outer edge of and perpen­
dicular to the skin. Loin eye area was the cross-sectional 
area of the M. longissimus measured between the tenth and 
eleventh ribs. The carcass was ribbed after slaughter but 
prior to processing. In ribbing the carcass, the vertebrae 
was severed with a meatsaw and a knife used to cut through 
the loin muscle. The loin eye was then traced with a pencil 
on acetate paper. A planimeter was then used to evaluate 
this area. 
Marbling of the M. longissimus was evaluated at the 
same time the aforementioned traits were taken. Photographic 
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standards were used to aid in subj ectively scoring each value 
from one (practically devoid) to five (abundant). Color of 
the M. longissimus was also scored subjectively using a sim­
ilar five point scale ranging from one (very pale) to five 
(very dark) with three being the desirable greyish-pink. In 
addition, loin samples were scored for marbling and color by 
another evaluator when the samples were taken to the Iowa 
State University Meats Laboratory for further evaluation. All 
carcass traits were evaluated using the guidelines and proce­
dures outlined by the American Meat Science Association 
(1967). 
Reflectance and transmission values were obtained 24 
hours post-mortem in accordance with procedures outlined by 
Watson (1976) and Schmidt ^al. (1972). The reflectance 
values were collected with a PHOTOVOLT Photoelectric Reflec­
tion Meter Model 6IO, which records readings of reflectance 
in terms of total luminous apparent reflectance. The trans­
mission values were collected using a procedure which mea­
sures the amount of protein precipitation or turbidity at 
pH 4.6. 
Statistical Models 
The statistical model I used for the analysis of the 
litter traits excluding those litters involving crosses with 
Minnesota line females was as follows; 
^ijklm =.# + Yi + Sj + d^ + p^ + 
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where 
î — 1*2*3 j=l»2 k = 1*2 1=1*«»«»7 
and 
41 = overall mean 
y = effect due to the i year-season 
s = effect das to the j sire stress classification 
d = effect due to the dam stress classification 
p = effect due to the 1^^ parity of dam 
e = random error 
The effect of year-season was absorbed in the analysis. 
All factors in this model were assumed to be fixed, except 
for error. 
The statistical model II used for the analysis of the 
pig traits excluding those individuals with Minnesota line 
females as dams was as follows: 
= f + ?! + Sj + + Pi + (st)i^ + (sP)ji + 
(Xm - + ^ 2 + h ("m - + 
\ (%n - 2) + tg (Z^ - 2) + 
®ijklm 
where 
i— 1*2,3 j — 1*2 k=l*...*6 1 — 1,'..*^ 
m = 1* » «., 308; 
AAAVA 
41 = overall mean 
y = effect due to the i^^ year-season 
s = effect due to the j " sex 
t = effect due to the k blood type 
p = effect due to the 1 parity of dam 
(st) = effect due to the interaction of the 3^^ sex 
with the blood type 
(sp) = effect due to the interaction of the sex 
with the 1^^ parity of dam 
b^ (Xjj^ - X) = linear regression of Y on the number far­
rowed in the individuals litter deviated from the 
overall mean of litter size. 
bg (X^ - = quadratic regression of Y on the number 
farrowed in the individuals litter deviated from 
the overall mean of litter size. 
^3 (^m ~ ~ regression of Y on the number far­
rowed alive in the individuals litter deviated 
from the overall mean of live litter size, 
b^ (W^ - = quadratic regression of Y on the number 
farrowed alive in the individuals litter deviat­
ed from the overall mean of live litter size, 
b^ (Z^ - 2) = linear regression of Y on the individuals 
litter size at 21 days deviated from the overall 
mean of 21 day litter size. 
— 2 b^ (Z^ - Z) = quadratic regression of Y on the individ­
uals litter size at 21 days deviated from the 
overall mean of 21 day litter size. 
e = random error 
The effect of year-season was absorbed in the analysis. 
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All factors in this model were assumed to be fixed, except for 
error. 
The statistical model used for the analysis of the car­
cass traits was as follows: 
^ijKLa.10 = -P + ?! + Sj + 1% + + b, (V„ - ?) 
+ bg (W^ - B) + bj (Xg - %) + b^ (Z„ - 5) + 
®ijklmno 
where 
i = 1,2 j = 1,2 k = 1, ...,3 1—1,2 m — 1 
n = 1,.. #, 4 0 — 11. > .,74 
= overall mean 
y = effect due to the ^th year-season 
s = effect due to the jth sex 
t = effect due to the ^th blood type 
c = effect due to the ith stress classification 
a - effect due to the m^^ alcohol classification 
k - effect due to .th d m o n - i -  m i m ' K o T *  
b^ (V^ - ?) = linear regression of Y on the sigma CPK 
of the individual deviated from the overall mean 
of Sigma CPK 
bg (W^ - W) = linear regression of Y on the antonik CPK 
of the individual deviated from the overall mean 
of Antonik CPK. 
b^ (Xq - X) = linear regression of Y on the individuals 
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slaughter weight deviated from the overall mean 
of slaughter weight. 
(Zq -Z) = linear regression of Y on the individuals 
preslaughter Sigma CPK deviated from the overall 
mean or preslaughter Sigma CPK. 
e - random error 
The effect of year-season was absorbed in the analysis. 
All factors in this model were assumed to be fixed, except 
for error. 
The statistical Model IV used for the analysis of the 
pig traits was identical to Model II except that stress 
classification was included in the model in place of blood 
type. 
Methods of Analysis 
The method used to ascertain the genetic mechanism of 
the Porcine Stress Syndrome was a within litter chi-square 
analysis. Expected proportions of stress-susceptible and. 
stress-resistant was based on either a priori or a posteriori 
knowledge of the animals genotype in accordance with proce­
dures outlined by Pirchner (1969)-
All litter traits, pig traits, and carcass traits were 
analyzed using the least square method (Harvey, I96O) using 
the models previously described. 
All the unadjusted means, standard deviations, and 
correlations of the litter traits and pig traits for the 
various subclasses were obtained using SAS (Statistical 
Analysis System). 
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RESULTS AND DISCUSSION 
Genetic Mechanism of Porcine Stress Syndrome 
Pigs were classified as either stress-susceptible or 
stress-resistant according to their reaction when exposed to 
the stress of halothane induced anesthesia. Research done 
previously by Christian (1974), Eikelenboom and Sybesma 
(1969), and Eikelenboom et al. (1976a) has shown that 
this is an accurate method of determining stress-suscepti­
bility without a hi^ death loss in seven to 12 week old 
pigs. Other predictors of this condition will be compared 
to the classification of the pig based on the response to 
halothane anesthetic. 
Animals reacting positively to the halothane test were 
classified as stress-susceptible and therefore considered 
to be homozygous for the deleterious allele. However, 
under this hypothesis animals that reacted negatively to 
halothane could be either homozygous or heterzygous for the 
non-stress allele assuming a dominant-recessive single locus 
hypothesis. The heterozygous animals were termed "carriers" 
of stress-susceptibility while the homozygous animals would 
be non-carrier stress-resistant animals. If a cross be­
tween animals negative to halothane screening or between a 
halothane positive and a halothane negative animal produce 
any offspring that are positive in halothane reaction, then 
the negative parents were considered to be carriers. Theo-
! 1  I 
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retically, the percentage halothane positive in litters from 
these matings would be 25?^ and 50#, respectively. Animals 
could be classified as heterozygote carriers on the basis of 
the results of halothane-testing of their present litter or 
from a previous litter. Animals classified on the basis of 
a previous litters' reaction to halothane gave "a priori" 
knowledge of their genotype. Furthermore, negative animals 
with one positive parent were also classified as "a prior" 
carriers. The expectations from matings of an "a, prior" 
carrier animal to stress carrier or stress-susceptible mates 
were the classical and 50#, respectively. Animals classi­
fied as carriers on the basis of their present litters' 
reaction to halothane testing gave "a. posteriori" knowledge 
of genotype and thus the expectations from these matings were 
altered slightly as a result of the possibility that some 
matings of carrier by carrier or carrier by susceptible 
would produce no stress-susceptible offspring due to chance 
(Pirchner, 1969)• Expectations in cases where a pig in the 
current litter expressing stress-susceptibility determines 
the genotype of the parent(s) is given in table 2. The 
actual percentage of halothane positive offspring found in 
the litter was tested against the respective numbers 
to be expected for the "s. priori " and "â. posteriori " methods 
using the "goodness of fit chi-square" procedure. This pro­
cedure was utilized on a litter basis as well as across 
litters. 
Table 2. Expectations of stress-susceptibility when "a posteriori" knowledge of 
genotype is involved. 
Carrier by carrier mating 
Number 1 2 3 ^5 6 ? 8 9 10 11 12 13 
in lettir 
Expected 1,0 I.l4 1,30 1,46 1,64 1,82 2,02 2,22 2.42 2,64 2,8? 3.10 3.33 
Carrier by susceptible mating 
Number 1 2 3 4 5 6 ? 8 9 10 11 12 13 
in lettir 




The halothane classification results of pigs from 
matings among parents classified for stress-susceptibility is 
summarized, in table 3* In 20 of 22 litters born from crosses 
among stress-susceptible animals the number of stress-sus­
ceptible offspring did not differ statistically from the per­
centage to be expected if a single gene autosomal recessive 
inheritance was involved. Of the 142 pigs screened from such 
matings I 140 reacted positively to haJ-othane exposure. How­
ever, in two of the litters the number of stress-susceptible 
offspring differed from expectations as in each of these two 
litters one individual failed to produce the expected rigid 
response. In each of these instances the non-reactors showed 
signs of diahrrea and were in a thin state of body condi­
tion. Both pigs were the smallest pigs in the litter at 
birth and 21 days, and were the second smallest in the litter 
at 56 days of age. This weakened physical state could have 
depleted their glycogen stores and not permitted the in­
creased glycolytic rate and lactic acid production when 
exposed to halothane. Stress-susceptible pigs in normal 
2+ 
physical condition have been shown to release excess Ca by 
anaerobiosis which will not be taken up by the sarcoplasmic 
reticulum and will activate ATPase auid phosphorylase kinase 
(Cheâh and Cheah, 1976). Moreover, as lactic acid production 
increases the Ca ' accumulating ability of the sarcoplasmic 
reticulum is decreased and muscle rigor ensues. Without the 
energy stores to increase glycolysis and lactic acid produc-
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Table 3« Results of matings among parents reacting positively 
and negatively to halothane screening. 
Mating Number of litters Stress positive Stress negative 
SS&X ss 22 14-0 2 
SS X sc^ 24 66 88 
SC X sc 8 10 53 
ss X SR® 11 0 62 





tion it could be theorized that the two non-reactors couldn't 
express their genotype for stress-susceptibility. Further­
more, both of the non-reactors later expressed the syndrome 
as one died while in transport to slaughter with the typical 
signs of PSS-susceptibility; and, the other produced a rapid 
rigor mortis and a PSE carcass when slaughtered. 
These results suggest that the genetic mechanism is 
autosomal recessive with variable penetrance dependent upon 
adequate energy stores to undergo the biochemical reactions 
necessary to produce a positive reaction to halothane expo­
sure. These findings are generally consistent with those of 
Eikelenboom a2. (1976b) and Minkema et al. (1976) except 
they found no stress negative offspring from matings of 
stress-susceptible parents and theorized a single gene auto­
somal recessive inheritance with complete penetrance. 
In 24 litters born from matings between susceptible and 
carrier animals there was not one litter where the number of 
susceptible offspring differed from expectations under the 
null hypothesis of single gene autosomal recessive inheri­
tance. In four of these matings the carrier parent was known 
to be heterozygous only after the results of the present 
litter were known. In the other 20 litters the carrier 
parent was known to be a carrier from "a priori" information. 
Of the 154 offspring screened from such matings 66 
reacted positively to halothane and 88 reacted negatively. 
When the chi-square procedure was used across litters to 
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compare these resxilts to the expected results the probability 
of a deviation this large from expected being due to chance 
was found to be greater than O.50. .Although not significant 
this deviation represents a deficiency of positively reacting 
offspring from the nearly 50^ expected. This could be due to 
a decreased embryonic or early post-natal survival in the 
stress-susceptible individuals. These results concur with 
those reported by Minkema et al. (1976) and Eikelenboom et 
al. (1976b). They reported 30 of 86 offspring from similar 
matings to be stress-susceptible. 
In all eight of the litters born of crosses among 
carriers of stress-susceptibility the number of stress-sus-
ceptible offspring did not differ statistically from expec­
tations under the single autosomal gene theory. In looking 
at the deviation from expected across litters, ten of the 63 
offspring resulting from these matings reacted positively to 
halothane. Fifty-three reacted negatively. The probability 
of this deviation occurring due to chance was greater than 
ZS%' Similar to the finding in the case of stress by carrier 
matings there was also a deficiency of stress-susceptible 
offspring from expectations in these matings as well. How­
ever, the departure is in the direction of what would be ex­
pected if a higher proportion of the stress positive animals 
are subject to death from pre- or post-natal stressors. These 
results are in agreement with those reported by Eikelenboom 
et aL (1967b) and Minkema et (1976) where they reported 
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34 of 109 offspring of carrier by carrier matings to be 
stress-susceptible animals with stress-resistant animals and 
one mating of a stress carrier with a stress-resistant animal 
there were no offspring reared that reacted positively to the 
halothane test. These results are also in agreement with 
expectations under the null hypothesis of single gene auto­
somal recessive inheritance. 
The results from these matings are in very close 
agreement with a single gene autosomal recessive mode of 
inheritance as postulated by Christian (1974) although there 
appears to be variable penetrance which could result from 
insufficient energy stores in mainourished animals to initiate 
the biochemical reactions of stress-susceptibility and thus 
phenotypic expression of their genotype. This is not in 
agreement with Denborough ^  al. (I962), Britt et aX, (1969), 
and Harriman et a2. (1973)• They looked at Malignant Hyper­
thermia in humans and concluded the inheritance was autosomal 
dominant with variable penetrance and expressivity. These re­
sults also disagree with the conclusions of Williams (1974) 
who discounted single gene autosomal dominant or recessive in­
heritance. However, these findings parallel those of Eikelen-
boom ejk al. (1976b) as they found 12 of 13 litters from mating 
among stress carriers did not differ significantly from 
expectations under this inheritance. Also, nine of ten 
litters from matings of stress carriers and stress-susceptible 
animals did not differ significantly from expectations under 
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this genetic mechanism. These results also agree with those 
reported by Minkema si (1976) as they concluded that 
susceptibility to Malignant Hyperthermia was controlled by 
a single gene autosomal recessive. 
Predictors of PSS Susceptibility 
Blood CPK Assay 
The blood enzyme assay traits considered as predictors 
of stress-susceptibility were Sigma CPK, Antonik CPK, log of 
Sigma CPK, and log of Antonik CPK. The means, standard er­
rors, standard deviations, and coefficients of variation for 
each of these traits for stress-susceptible and stress-
resistant animals are found in table 4. CPK and log CPK 
values by either testing procedure were significantly greater 
(P<.01) in the stress-susceptible smimals than in the stress-
resistant animals. For Sigma and Antonik CPK the standard 
deviations of the susceptible animals were two and three 
times that of the resistant animals, respectively. Also, 
these standard deviations were not proportional to the mean 
as the coefficients of variation were twice as large for the 
stress-resistant group as compared to the stress-susceptible 
group. However, the variances for both Sigma CPK and Antonik 
CPK were proportional to the mean and when Bartlett's proce­
dure (Steel and Torrie, i960) was used to test for homogeneity 
of variance the results were statistically significant 
(P<. 01). When the variances for a treatment tend to be a 
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Table 4. Means» standard errors, standard deviations, and 
coefficients of variation of the blood enzyme assay 
traits for stress-susceptible and stress-resistant 
animals. 
Stress classification®" 
Number 208 207 
Sigma CPK 
mean - std. error 447.4 - 15.6 ** 99.6 - 7.3 
standard deviation 225.1 104.3 
C. V. 50.3 104.5 
Antonik CPK 
+ J., 
mean - std. error 358.1 - 13.9 ** 34.5 - 4.1 
standard deviation 198.8 58.8 
C. V. 55.5 170.3 
Log CPK-Sigma 
mean - std. error 5.93 - .05 ** 4.28 — .05 
standard deviation 0.66 0.77 
C. V. 11.1 18.0 
Log CPK Antonik 
mean - std. error 5.55 - .08 2.86 - .08 
standard deviation 1.07 
CM 
C. V. 19.4 39.3 
^Halothane stress classification 
••Significant difference (P<.01) 
5^ 
function of the mean produced by the treatment; then, the 
experimental errors follow a distribution that is skewed 
(Cochran and Cox, 1957)» When this occurs a transformation of 
the data is sometimes helpful; thus, the logs (natural) of 
Sigma and Antonik CPK were included as blood enzyme assay 
traits. The standard deviations were similar for log of 
Sigma and Antonik CPK and neither the variances nor the stan­
dard deviations were proportional to the mean. Furthermore, 
when Bartlett's procedure was used to test for homogeneity 
of variance the results were not significant. 
The phenotypic correlations between the blood CPK 
traits and stress classification are found in table 5» All 
correlations between CPK traits and stress classification 
were negative and significantly different from zero (PCOl). 
The log Antonik and log Sigma CPK showed stronger associa­
tions with stress classification than did Sigma or Antonik 
CPK; however, these differences were not significant. The 
correlations between the blood enzyme assay traits were all 
significantly different from zero (P<.01) and positive. The 
phenotypic correlation between log Sigma CIK and log Antonik 
CPK was greater than the phenotypic correlation between the 
untransformed Sigma CPK and Antonik CPK. Also, the pheno­
typic correlation between Sigma CPK and log Sigma CPK was 
greater than the correlation between Antonik CPK and log 
Antonik CPK. However, neither of these differences are signif­
icant. These results suggest that the log transformations of 
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Table 5« Phenotypic correlations between stress classifica­
tion and blood enzyme assay traits. 
SC CPK-S^ CPK-A^ LOG-CPK-S° LOG-CPK-A* 
SC® 1.00 -,70** - . 76** -.78*+ 
CPK-s 1.00 0,71** 0. 92** 0.73** 
CPK-À 1.00 0.73*- O.SS*^ 
LOG-CPK-S 1.00 0. 80^^ 
LOG— Ci9C—A 1.00 
^Sigma CPK 
^Antonik CPK 
^og of Sigma CPK 
^Log of Antonik CPK 
®SC = stress classification 
••Significantly different from zero (P<.01) 
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the CPK traits are more strongly associated with stress 
classification than the "untransformed CPK traits; however, 
these differences were not significant. 
The comparisons among the four blood enzyme assay 
traits for accuracy in predicting stress-susceptibility 
is found in table 6. The decision points between stress-
susceptible and stress-resistant animals that minimized the 
number of misclassifioations were 200, 125» 5-30» and 4.83 
for the traits Sigma CPK, Antonik CPK, log Sigma CPK, and 
log Antonik CPK, respectively. These traits were measured 
from blood samples taken two to four hours after halothane 
screening when the pigs were from seven to 12 weeks of age. 
The number of misclassified animals was fewer when Antonik 
CPK or log Antonik CPK was used as the predictor instead of 
either Sigma CPK or log Sigma CPK. However, the differences 
were not large. The percentages of misclassifioations were 
13.1#, 9.1^, 13.1#', and 9 for the blood CPK traits 
Sigma CPK, Antonik CPK, log Sigma CPK, and log Antonik CPK, 
respectively. These results indicate that CPK levels can be 
used to predict halothane determined stress-susceptibility 
with 87^ to 91^ accuracy after the animals have been stressed. 
These results concerning elevated levels of CPK in stress-
susceptible animals are in agreement with those reported by 
Woolf et a^ (1970), Jones et al- (1972), Christian (1972), 
Addis et a^ (1974), Christian (1974), and Eikelenboom et al. 
(1976a). 
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Table 6. Blood enzyme assay methods as predictors of halothane 
determined stress-susceptibility. 
Halothane Classification 
CPK Method Statistic + -
Sigma CPK mean 447.4(208)^ 99.6(205) 
range 45-940 18-1800 
misclassifications 54 
Antonik CPK mean 358.1(204) 34.5(202) 
range 5-810 1-460 
misclassifications 37 
Log Sigma CPK mean 5-93(208) 4.28(205) 
range 3.81-6.85 2.89-6.68 
misclassifications 54 
Antonik CPK mean 5-55(204) 2.86(202) 
range I.6I-6.7O 0-6.13 
misclassifications 37 
^Number of observations 
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Blood Typing 
The two "blood group systems used for prediction of 
halothane determined stress-susceptibility were the AO system 
and the H system. Reaction in the AO system was either hem­
olysis (+) or no (-) to either the A or 0 antisera. Reaction 
in the H system was either hemolysis to the h^ antisera, 
hemolysis to the h° antisera, or no hemolysis to either 
(h~). The six blood types observed in this herd were (-,h^/ 
h&), ( + ,hVh^), (+,hVh"), ( + ,h'Vh®), (+,hV ), and (+,h~/h'). 
A frequency table of the number of halothane determined 
stress-susceptible and stress resistant animals within each 
of the six blood types is found in table 7« There were two 
blood types which exhibited almost all stress-susceptible 
individuals. These were the (-,a/a) and (+,-/-) blood types 
as 98.39s and 97.?#, respectively, were stress-susceptible. 
Three of the blood types showed almost entirely stress-
resistant individuals. These were the (+,a/a), (+,a/c), and 
(+»c/ ) blood types. The percentages of stress-resistant in­
dividuals for the blood types were 97.8#^, 100#, and 98.1#, 
respectively. One blood type, (+,a/-), included both stress-
susceptible and stress resistant individuals as 6I# were 
stress-susceptible individuals. These results indicate that 
there is a close association between the H blood group sys­
tem and its interaction with the AO system to halothane de­
termined stress-susceptibility. Jorgensen et al.(1976) also 
found an association between the K system and stress-sus-
Table ?. Frequency table of blood type by halothane determined stress classifica­
tion. 
Halothane Blood type 
Classification (-,a/a) ( + ,-/-) ( + .a/-) (+. c/- ) (+.a/c) (+,a/a) 
(-) 1 1 66 53 41 45 
(+) 58 43 105 1 0 1 
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ceptibility; however, their results do not agree entirely 
with these results. They found 68 of 69 pigs that were h~/h~ 
to be stress negative. They attributed this difference in 
results from those reported by Rasmusen and Christian (1976) 
(who reported h~/h~ pigs to be primarily stress-susceptible) 
to be due to breed differences of the pigs tested. Jorgensen 
et al. (1976) also found pigs possessing the h*^ allele to be 
primarily stress negative, a finding consistent with these 
results. The results of this present study indicate that 
pigs not carrying the h^ or h*^ alleles and classified as h~ 
consistently result in stress-susceptibility when homozygous 
and sometimes result in stress-susceptibility when paired 
with the h^ allele. Also, the h^ allele when homozygous will 
show stress-susceptibility when there is no hemolysis in the 
presence of either A or 0 antisera. These results suggest 
the possibility of another allele that results in stress 
susceptibility that is not distinguishable from the h^ 
allele. If this theorized allele is referred to as the h^ 
allele and is recessive to the h^ and h*^ alleles, then these 
results could logically occur. The stress-susceptible (+,a/-) 
individuals would be (+,a*/-) and the stress-resistant (+,a/-) 
individuals would be (+,a/-). This theory is supported by 
the observation that mating of (-,a/a) stress positive ani­
mals to those (+,-/-) stress positive animals produced only 
(+,a/-) offspring, all of which react positively to halothane. 
The (+,a/a) stress negative animals could be either (+,a^/a) 
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stress carriers or (+,a/a) stress-resistant. The stress-
susceptible individuals would be (-,a^/a^). Also, animals 
that carry the h~ or h^ alleles in combination with either 
the desirable h^ or h^ alleles would be carriers of stress-
susceptibility . 
A comparison of the means by blood type for the four 
blood enzyme assay traits is found in table 8. The blood 
types which were consistently stress-susceptible, (-,a/a) 
and (+,-/-) I gave the highest values for all the blood enzyme 
assay traits and were significantly different (P^.Ol) than 
the means for the other blood types. The three blood types 
(+,a/a), (+,c/ ), and (+,a/c) which were consistently stress-
resistant exhibited the lowest means for the four blood 
enzyme assay traits and were significantly (PC.01) smaller 
than the other blood types. The (+,a/-) blood type which 
included both stress-resistant and stress-susceptible indi­
viduals was intermediate in value for the blood CPK traits 
and significantly different (P<.01) from the other blood 
types. 
A breakdown of this (+,a/-) blood type by halothane 
classification into stress-susceptible and stress-resistant 
individuals and the subseauent comparison of the means of 
the GPK traits is found in table 9. For each trait the 
means of the stress-susceptible animals are significantly 
greater than those of the stress-resistant animals. These 
distinct differences between the stress-susceptible and 
Table 8, Comparison of the means of the blood enzyme assay traits for the different 
blood types• 
Blood enzyme 




( + .a/c) (+,a/a) (+.a/-) 
Sigma CPK 508* 81^ 92^ 104% 294° 
Antonik GHC 371* 357* 24^ 28% 52% 221° 
Log Sigma CPK 5.9* 6.1* 4.2^ 4,3b 4.1% 5.2° 
Log Antonik CPK 5.6* 5.5* 2.9b 3.0% 2.9^ 4.3° 
^Meansi within each row with differing exponents are significantly different 
(P<.01). 
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Table 9. A comparison of the means of the blood enzyme assay 
traits for the (+,a/-) blood type for each halothane 
determined stress classification. 
Blood enzyme Halothane Classification 
Assay trait ( + ) (-) 
Sigma CHC 424 ** 88 
Antonik CPK 348 ** 17 
Log Sigma CPK 5.9 ** 4.2 
Log Antonik CHC 5.5 ** 2.3 
••Significantly different (P<.01) 
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and stress-resistant individuals of the (+»a/-) genotype 
supports the existence of a different allele (h^) that is 
currently indistinguishable by blood type from the h^ allele 
and which in homozygous form or in combination with h~ causes 
stress-susceptibility. 
Least Squares Means and Effects 
Table 10 presents the least squares effects of sex of 
pig, stress classification, and parity of dam on two pre­
dictors of stress-susceptibility, log Sigma CîK and log 
Antonik CPK. The main effects are expressed as aeviations 
from the overall mean. Tables 17-18 of the Appendix presents 
the analysis of variance for these traits. Males produced 
larger log Sigma and log Antonik CPK; however, only the log 
Antonik CPK difference was significant (P<..05)* 
Pig stress classification had a significant effect 
(P<.005) on both log CPK traits as stress positive animals 
produced consistently higher log Sigma CPK and log Antonik 
CPK. 
The effect of parity on log Sigma CPK was not signifi-
caint while the effect on log Antonik CPK was significant 
(P<. 05)- Pigs from younger dams generally exhibited larger 
log CPK values. This is to be expected since selection for 
increased stress-susceptibility was continually practiced in 
the herd. Such selection would cause most replacement 
females of low parity to be stress-susceptible and thus be 
more likely to produce offspring with high CPK values. 
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Table 10. The least squares effects^of sex, stress classifi­
cation, and parity on log of Sigma and Antonik CFK 
using Model IV. 
Source No. Loa: Sisma CPK Log Antonik CPK 
Sex 
male 207 0.0375^ 0.0796® 
female 198 -.0375* -.0796® 
Stress class 
+ 204 0.3417 0.5849 
- 201 -.3417 -.5849 
Parity 
1 184 0.0376* 0.1053 
2 113 0.0501^ -.0218^ 
3 52 0.0832* -.0881^ 
4 20 -.0350* 0.1946 
5 12 -.2074^ -.3136° 
6 17 -.1053* -.3953° 
7 7 0.1768^ 0.5189 
^Deviations from least squares mean 
^"^Effects within a source bearing superscripts b-d are 
not significantly different (P<.05) 
^""^Eixects within a source bearing sij-perscripts e-f are 
not significantly different (P<.01) 
57 
The linear and quadratic regressions of log Sigma and 
Antonik CPK on maternal traits are found in table 11. The 
linear effect of number farrowed was highly significajit 
(P<.01) for log Antonik CPK as smaller log Antonik CPK levels 
were found in larger litters. The linear effect of number 
farrowed alive was also significant (P^.05) for log Antonik 
CPK as was the quadratic effect of number at 21 days. 
Animal Performance and Stress-Susceptibility 
Production Traits 
The least squares means of litter performance traits 
for the different mating types of the litters excluding 
litters from inbred Poland China females are found in table 
12. The mating types are based on the halothane classifica­
tion of the sire and dam of the litters. The four mating 
types are therefore positive sires by positive dams, positive 
sires by negative dams, negative sires by positive dams, 
and negative sires by negative dams. The number of litters 
for thsss four mating types are 22. 21. 4-, and 9» respec­
tively. The positive by negative matings produced signifi­
cantly larger 5^ day litter weights (P<.05) than either 
mating involving positive dams. None of the other differences 
between mating types were significant. The least squares 
effects of positive dams were consistently negative for all 
the production litter traits suggesting that stress-suscep­
tible females are poorer in maternal performance than stress-
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Table 11. Linear and quadratic regressions of log Sigma and 




Log Sigma CPK Log Antonik CPK 





















•F-test significant (PC05) 
**F-test significant (P^.Ol) 
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Table 12. Least squares means of litter performance traits 
by mating type of the parents. 
Trait 
+ X + 
Mating type^ 
+ X - - X + - X -
No. litters 22 23 4 9 
No. farrowed 10.4^ 10.7 10.4 10.7 
No. 21 days 6.6 7.1 6.4 6.9 
21 day litter wt. 75.0 85.2 72.8 83.0 
No. 56 days 6.2 7.2 5.8 6.8 
56 day litter wt. 224.6& 267.6* 198.0^ 241.1^* 
Survival % 62.1 68.1 60.1 66.1 
^Halothane stress classification of sire then dam where 
+ = stress-susceptible and - = stress-resistant 




The analysis of variance for the litter traits exclud­
ing those litters involving inbred Poland China females are 
found in the Appendix in tables 19-23* In none of these 
litter traits was the effect of either sire or dam stress 
classification significant. The effect of parity was signif­
icant (P^.Ol) for number farrowed, number farrowed alive; 
and, significant (P<.05) for litter birth wei^t, litter 
21 day weight, and litter 56 day weight. 
Table 13 contains the least squares means of the indi­
vidual performance traits comparing stress-susceptible to 
stress-resistant animals based on halothane screening re­
sults. The stress-resistant animal s were significantly 
(P<.05) larger at birth, 21 days (P<.01) and 56 days (P^.Ol). 
The stress-resistant animals were also significantly (P<.05) 
heavier at 15^ days of age. However, this difference was 
based on only a few stress-susceptible individuals since 
many died from stress or were terminated on other experiments. 
A comparison of the least sq.uares means of the individ­
ual performance traits of pigs for the six blood types is 
found in table 14. The individuals exhibiting the h° allele 
were the largest at birth, 21 days, and at 56 days of age. 
The (+.-/-) animals were significantly smaller at all age 
intervals. At birth the (+,c/ ) and (+,a/c) were signifi­
cantly heavier (P<.05) than all other blood types except for 
the (-,a/a) where the advantage was not significant. The 
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Table 13. Least squares means of individual performance 
traits for stress-susceptible and stress-resistant 
animals. 
Halothane stress classification 
Trait Stress-susceptible Stress-resistant 
Birth wt. 2.89(204)% « 3.03(201) 
21 day wt. 11.3(204) «* 12.8(201) 
56 day wt. 33.9(204) ** 38.2(201) 
15^ day wt. 181.1(18) * 194.5(78) 
^Number of observations 
•Significantly different (P<.05) 
••Significantly different (P<.01) 
Table 14. Least squares means of individual performance traits of pigs based on 
blood type. 
Blood type 









































^•Number of observations 
^Means with differing superscripts are significantly different (P<.05) 
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(-,a/a) pigs were significantly heavier (P<.05) than the 
(+,-/-) and (+,a/-), "but although heavier than the other two 
blood types this difference was not significant. At 21 days 
the pigs showing the h® allele were significantly heavier 
(P<.05) than all others. The (+,a/-), (+,a/a) and (+,a/-) 
were significantly heavier (P<..05) than the (+,-/-). At 
56 days these trends were continued. These results are in 
general agreement with those of Jensen et a2. (1968) in that 
they found animals possessing the h^ allele to he superior 
in weight gain to the h^ individuals with the h" individuals 
intermediate. 
The individuals with blood types (+»-/-) 1 (+»a/a), and 
(+,a/-) had significantly lower survival rates than the 
other three blood types. The (-,a/a) and (+,a/c) blood types 
were intermediate in survival percentage; while, the (+,c/ ) 
presented the hi^est survivability. These results are in 
agreement with those by Jensen et al. (1968), and Rasmusen 
and Hagen (1973)• 
Since animals of the (+,a/-) blood type were of mixed 
stress classification, pigs of this blood type were classified 
by halothane screening results and the means of the individual 
performance traits were compared in table 15* The stress-
resistant animals were consistently heavier with a greater 
survival percentage; however, this difference was significant 
(P<.05) for only 21 and 56 day weight. 
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Table 15. Means of individual performance traits of pigs of 
(+,a/-) blood type based on stress classification. 
Stress classification 
Trait Stress-susceptible Stress-resistant 
Birth weight 2.83(105)^ 2.92(66) 
21 day weight 11.6(105) * 12.7(66) 
56 day weight 35.1(98) * 38.4(66) 
154 day weight 194(3) 199.2(23) 
Survival # 66.9 69.7 
^Number of observations 
•Significantly different (P<.05) 
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Carcass Traits 
Carcass traits were measured on four separate groups of 
pigs that were slaughtered to observe the effect of stress 
classification and alcohol consumption prior to exsanguina-
tion on carcass traits. Equal numbers of stress-susceptible 
and stress-resistant swine were either allowed access to al­
cohol or not fed any alcohol prior to transportation to a 
slaughter facility in the four separate trials. Thirty-
seven animals of each stress classification were eventually 
slaughtered. Of these 74, 40 were animals that had consumed 
alcohol and 34 were not allowed access to the alcohol. An 
attempt was made to see if consumption of alcohol prior to 
transport would aid the animals in adapting to the stressors 
of marketing. Table 16 presents the least squares means for 
the carcass traits of the stress-susceptible and stress-
resistant individuals. The stress-susceptible animals pos­
sessed significantly (P^.05) larger loin eye areas, less 
marbling, and produced a paler color of lean. In addition, 
the mean transmission value for the stress-susceptible ani­
mals was significantly greater (P<.01) than that of the 
stress-resistant controls. Also, the stress-susceptible 
individuals were shorter in carcass length, greater in re­
flectance values, slower growing; lower in yield, greater in 
backfat, lower in 24 hour marbling and color scores, and 
longer in days to 85 pounds of fat corrected muscle. How­
ever, none of these differences were significant (P<.05). 
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Table 16. Means of carcass traits for halothane classified 
stress-susceptible and stress-resistant animals. 
Halothane classification 
Trait Stress-susceptible Stress-•resistant 
Number 37 37 
Length 31.41^ 31.61 
Loin eye area 5.96 « 5.44 
Marbling 1.81 * 2.29 
Color 2.10 « 2.52 
Transmission 93.4 ** 45.4 
Reflectance 29.2 26.6 
ADG 1.21 1.27 
Yield 73.6 74.0 
Average backfat 1.57 1.49 
19th rib backfat 1.29 1,25 
24 hour marbling 1.49 2.11 
24 hour color 1.87 2.73 
Age to 85# FCM 171.8 171.2 
^east squares means 
•Significantly different (P<.05) 
••Significantly different (P<.01) 
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The analysis of variance for the different traits is 
found in the Appendix in tables 24-32. Sex had a significant 
(P<.01) effect on length as the females were longer in carcass 
length. Slaughter weight also had a significant (P^.Ol) ef­
fect on carcass length. Loin eye area was significantly af­
fected by sex (P<.01), stress classification (P4..05)» alcohol 
classification (P<.01), and slaughter weight (P<.01). Fe­
males, stress-susceptible, alcohol controls, and heavier pigs 
at slaughter produced larger loin eye areas. Marbling score 
was significantly affected by stress classification (P<.05) 
and Sigma CPK (P-<L.05) as stress-susceptible pigs and pigs 
with larger Sigma CPK scores exhibited less marbling. Car­
cass color was significantly affected (P<..10) by stress 
classification and Antonik CPK as stress-susceptible and 
higher CPK animals produced lighter colored lean. Stress 
classification significantly effected transmission values 
(P<.01) as stress-susceptible animals showed higher trans­
mission values. None of the sources of variance signifi­
cantly (P-<..05) effected reflectance scores. The sources of 
variance that had a significant effect on average daily gain 
were stress classification, experiment number, and slaughter 
weight. The stress-susceptible and smaller animals produced 
the slower gain. Alcohol classification and slaughter weight 
had significant effects on carcass yield (P4.01 and P<.05, 
respectively) as alcohol receivers and smaller animals pro­
duced smaller carcass yields. Sex had a significant (P<.01) 
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effect on average backfat as females were significantly 
leaner. Slaughter weight also exerted a significant effect 
on average backfat as heavier animals produced fatter car­
casses. Sex and slaughter weight had similar influences on 
tenth rib backfat. Marbling and color at 24 hours were not 
significantly influenced by any of the sources of variation. 
Days to 85 pounds of fat corrected muscle was significantly 
influenced by sex (P<.01), experiment number (P<.01), and 
slau^ter weight (P<.05) as females and heavier slaughter 
weights produced less days to 85 pounds of fat corrected 
muscle. These results are in general agreement with the 
results of Verstegen ^  ai (1976) as they found stress-
susceptible pigs to be shorter in carcass length, lower in 
carcass quality, higher in meatiness, paler in color, with a 
larger transmission value. They also found the stress-
susceptible pigs to be leaner with less probe backfat which 
was not found here. This difference in backfat was also 
found by Eikelenboom ^  al. (1976a). 
Results of this slaughter investigation confirm pre­
vious findings that stress-susceptible animals produce hea­
vier muscled carcasses that exhibit more PSE muscle quality 
characteristics as they revealed significantly higher trans­
mission values, lighter color, and less marbling than stress-
resistant animals. 
Comments and Conclusions 
From the results of the matings made among stress-
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susceptible and stress-resistant animals the mode of in­
heritance of Porcine Stress Syndrome as determined by reac­
tion to halothane anesthesia appears to be a simple reces­
sive. However, some questions do arise when this genetic 
mechanism is assumed. When stress-susceptible parents are 
mated, the resulting offspring should all be stress-suscep­
tible. In the results, however, there were two such off­
spring that were not clearly stress-susceptible in their 
reaction to halothane and were classified as stress-resistant. 
This could be a failure to express the genotype for stress-
susceptibility due to either a young age at screening or an 
abnormal physical state such as pneumonia, or scours which 
could deplete the glycogen stores of the young pig. If these 
energy supplies were not present then the mechanism of stress-
susceptibility that produces the muscle rigidity could not 
function and the animal would fail to be detected as stress-
susceptible. 
The decision as to what is and what isn't a stress-
susceptible pig has long been of great concern among re­
searchers studying this problem. Response to halothane 
has become accepted as the most reliable technique presently 
available. However this procedure has some weaknesses due in 
part tc the procedure not being totally objective. The ani­
mal must clearly exhibit muscle rigidity to be classified as 
positive. Since overexposure commonly results in develop­
ment by secondary symptoms and termination, the animal must 
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be removed from the halothane immediately upon the onset of 
muscle rigidity for the animal to be saved. To minimize false 
positive decisions experience is needed in interpreting the 
responses and improving the accuracy of the results. 
The procedures involved and equipment necessary for 
halothane screening are rather complex. The possibility of 
a variation in percentage of halothane that the animal re­
ceives is also very much present. It is critical that the 
respiration machine be handled with care and calibrated 
accurately in order to insure repeatable halothane responses. 
If this technique was implemented on a commercial basis and 
the respiration machine used on a number of farms, the possi­
bility of disease transmission must be considered. Extreme 
care would have to be exercised in cleaning and disinfecting 
the apparatus between farms in order to reduce the potential 
of disease transmission. 
The halothane screening procedure seems to be incapable 
of detecting carriers of stress-susceptibility. Although 
some animals show an intermediate response, this reaction 
has not been associated with animals known to be carriers and 
hence it must be concluded that the stress carrier is indis­
tinguishable from the homozygous stress-resistant using this 
technique. 
For these reasons, plus the disadvantages of cost and 
transportation, halothane screening is not a practical field 
method of determining stress-susceptibility. However, in a 
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laboratory situation with experienced personnel evaluating 
stress reactions, halothane screening has proven to be very 
accurate in determining stress-susceptibility. 
In evaluation of different predictors of stress-suscep­
tibility there are several criteria that need to be consid­
ered. A good predictor should be accurate in predicting 
stress-susceptibility at a young age, inexpensive, and prac­
tical to use in the field. Halothane screening is very ac­
curate; however, it is fairly expensive to purchase the neces­
sary equipment. Moreover, the procedures involved in halo­
thane screening are not very applicable in a field situation. 
The use of blood CHC traits to predict stress-suscep­
tibility offers some possibilities. The accuracy is from 87 
to 91 percent in agreement with halothane screening results 
when the pigs are stressed with halothane two to four hours 
prior to the collection of blood samples. This method is 
also more applicable in the field as the only equipment 
needed is a small lance or needle, a test tube or blotter 
paper, and a facility to catch and restrain the pigs. The 
cost of this method is much less than that of halothane 
screening and the procedures involved, especially using the 
Antonik CHC, are rather simple. However, this method of 
prediction requires a stress of the animal two to four hours 
prior to taking the blood sample. The kind and duration of 
the stressor to employ in order to maximize the predicta­






termination of a significant number of positive animals. 
Moreover, the accuracy reported here was that obtained from 
blood samples drawn after halothane stress, the procedure one 
would wish to eliminate in a field situation. Watson 
(1976) looked at the effect of three other stressors and their 
effect on CPK levels. He utilized a 90 meter walk exercise, 8 
kilometer truck ride, and an 80 kilometer truck ride as stres­
sors and found that the 8 kilometer truck ride was the most 
effective in elevation of CPK levels. Watson (1976) found 
intravenous injection of caffeine to offer promise as a stres­
sor capable of elevating CPK prior to testing. 
Another predictor of stress-susceptibility, blood typ­
ing, appears to offer the most promise as a practical pre­
dictor. Blood typing has the advantage over CPK testing in 
that the animal does not need to be stressed prior to mea­
surement as stress will not alter the animals' blood type. 
The accuracy of blood typing within the blood types that are 
stress-susceptible or stress-resistant appears to be high. 
Also, blood typing offers the potential of identifying the 
carriers of stress-susceptibility. 
The disadvantages of blood typing however, are twofold. 
At the present time blood typing is done at only one location 
in the United States and is not available on a commercial 
basis. However, this could change if demand was adequate to 
merit it and the cost not prohibitive. Another problem con­
cerning blood typing is that pigs of the blood type (+,a/-) 
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are not strictly stress-susceptible or stress-resistant. If 
the theorized h^ allele does exist, then regents to identify 
it are essential. 
The cause of this association between blood types and 
stress-susceptibility are not clear. European work by An-
dresen (1970a) and Andresen (1970b) showed a linkage between 
the H system loci and the loci controlling the production of 
6-phosphogluconate dehydrogenase (6-PGD) and phosphoexose 
isomerase (PHI). However, at this time we don't know if 
these linkages are the same in American herds as in the Eur­
opean herds. This linkage relationship could be involved 
with stress-susceptibility as both enzymes are involved in 
the energy pathways ; however, this has yet to be shown. Fur­
thermore, recent studies by Jorgensen et a^ (1976) found the 
BB variate of PHI to be present in all halothane positive 
pigs, but this PHI genotype was also observed in 579^ of halo-
thane normal pigs. 
Jorgensen et al (1976) also found most pigs homozygous 
for h~ to be halothane normal. This genotype, h~, is not an 
allele but rather the absence of a reagent to detect any 
more possible alleles. There could be other alleles present 
that are incapable of being detected with the reagents pre-
+ 4 T ^ +V* /> V\ V\T fn r\/^ A trx •f'V* n Vk A 
Â V ^ ^ A SAO g X X, W ^ w Wfc * AVA 
is not necessarily identical to h~ blood types found in other 
herds. 
Another possible explanation for the association of 
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"blood type and stress-susceptibility could be a pleiotropic 
effect of the genes controlling blood type. However, this 
is speculation at this time. 
In evaluation of the effect of stress-susceptibility 
on animal performance it appears from these data that stress-
susceptibility causes a decrease in reproductive ability, 
mothering ability, and pre-weaning growth rate. The carcass 
data results support previous investigations that found 
stress-susceptible animals were heavier muscled with larger 
loin eye areas. In addition, the stress-susceptible animals 
produce carcasses that are paler in color with less marbling. 
As the swine industry moves toward more confinement 
rearing of swine the ability of the animal to adapt to stress 
will continue to be of considerable importance. Since the 
inheritance of the Porcine Stress Syndrome is now more 
clearly understand, it should be easier for the producer to 
exercise selection against this abnormality while still pro­
viding the consumer with a desirable product. 
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Table 17. Analysis of variance for log Sigma CPK. 
Source df SS MS F 
Sex 1 0.180 0.180 1.98 
Stress classification 1 38.67 38.67 426.37** 
Parity 6 1.027 0.171 1.89 
No. farrowed-linear 1 0.064 0.065 0.71 
quadratic 1 0.179 0.179 1.97 
No. live - linear 1 0.007 0.007 0.07 
quadratic 1 0.301 0.301 3.32 
No. 21 days -linear 1 0.274 0.274 3.02 
quadratic 1 0.010 0.010 0.11 
Error m 34.53 0.091 
Total 401 85.49 
**F-test significant (P<.01) 
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Table 18. Analysis of variance for log Antonik CFK. 
Source df SS MS F 
Sex 1 0.807 0.807 4.32* 
Stress classification 1 113.29 113.29 606.30** 
Parity 4.98 0.829 4.44* 
No. farrowed-linear 1 1.773 1.773 9.49** 
quadratic 1 0.187 0.187 1.00 
No. live - linear 1 0.851 0.851 4.55* 
quadratic 1 0.228 0.228 1.22 
No. 21 days- linear 1 0.032 0.032 0.17 
quadratic 1 1.055 1.055 5.64* 
Error 381 71.19 0.187 
Total 402 222.83 
*P-test significant (P<.05) 
**F-test significant (P<.01) 
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Table 19. Least squares analysis of variance for number far­
rowed . 
Source df SS MS F 
Sire stress classification 1 .004 .004 .000 
Dam stress classification 1 1.13 1.13 0.15 
Parity • 6 153-6 25.61 3.48** 
Error 49 360.6 7.36 
Total 57 546.1 
**P-test significant (P<.01) 
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Table 20. Least squares analysis of variance for litter 
"birth weight. 
Source df SS MS F 
Sire stress classification 1 7.36 7.36 0.13 
Dam stress classification 1 34.23 34.23 0.62 
Parity 6 872.9 145.49 2.65* 
Error 49 2686.8 54.83 
Total 57 3833.1 
*P-test significant (P<.05) 
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Table 21. Least squares analysis of variance for 21 day 
litter weight. 
Source df SS MS F 
Sire stress classification 1 34.73 34.73 0.03 
Dam stress classification 1 1293.1 1293.1 1.13 
Parity 6 10207.9 1701.3 1.48 
Error 49 56279.3 1148.6 
Total 57 67852.0 
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Table 22. Least squares analysis of variance for 56 day 
litter weight. 
Source df SS MS F 
Sire stress classification 1 5106.1 5106.1 0.42 
Dam stress classification 1 23212. 23212. 1.91 
Parity 6 112843. I8807. 4.50* 
Error 49 594779. 12138. 
Total 57 729092. 
*F-test significant (P^05) 
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Table 23. Least squares analysis of variance for surviva­
bility. 
Source df ss MS P 
Sire stress classification 1 .003 .003 0.06 
Dam stress classification 1 .045 .045 0.90 
Parity 6 .170 .029 0.58 
Error 49 2.42 .049 
Total 57 2.68 
9^ 
Tatle 24. Least squares analysis of variance for length. 
Source df SS MS F 
Sex 1 6.03 6.03 12.52** 
Pig blood type 5 2.69 0.54 1.12 
Stress classification 1 0.24 0.24 0.49 
Alcohol classification 1 0.03 0.03 0.06 
Experiment number 3 3.18 1.06 2.21 
Reg.-Sigma CEK-linear 1 .002 .002 0.01 
Reg.-Antonik CPK-linear 1 0.39 0.39 0.82 
Reg.-slaughter weight-linear 1 49.81 49.81 103.52** 
Reg.-Sigma CPK-2-linear 1 0.32 0.32 0.66 
Error 58 27.91 0.48 
Total 73 98.33 
**F-test significant (P<.01) 
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Table 25. Least squares analysis of variance for loin eye 
area. 
Source df SS MS P 
Sex 1 10.15 10.15 23.61** 
Pig "blood type 5 1.18 0.24 0.55 
Stress classification 1 1.69 1.69 3.94* 
Alcohol classification 1 3.13 3.13 7.28** 
Experiment number 3 0.53 0.18 0.41 
Reg.-Sigma CPK-linear 1 0.16 0.16 0.37 
Reg.-Antonik CPK-linear 1 0.22 0.22 0.52 
Reg.-slaughter weight-linear 1 3.61 3.61 8.39** 
Reg.-Sigma CPK-2-linear 1 1.42 1.42 3.31 
Error 58 24.94 0.43 
Total 73 52.41 
*F-test significant (P<.05) 
**F-test significant (P<.01) 
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Table 26. Least squares analysis of variance for marbling. 
Source df SS MS P 
Sex 1 0.04 0.04 0.14 
Pig blood type 5 0.40 0.08 0.31 
Stress classification 1 1.49 1.49 5.77* 
Alcohol classification 1 0.82 0.82 3.19 
Experiment number 3 2.15 0.72 2.78 
Reg.-Sigma CEK-linear 1 1.16 1.16 4.50* 
Reg.-Antonik CPK-linear 1 0.52 0.52 2.03 
Reg.-slaughter weight-linear 1 0.03 0.03 0.11 
Reg.-Sigma CPK-2-linear 1 0.40 0.40 1.54 
Error 58 14.95 0.26 
Total 73 23.78 
*P-test significant (P<.05) 
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Table 2?. Least squares analysis of variance for color. 
Source df SS MS P 
Sex 1 0.04 0.04 0.12 
Pig blood type 5 1.39 0.28 0.84 
Stress classification 1 1.15 1.15 3.50 
Alcohol classification 1 0.12 0.12 0.36 
Experiment number 3 1.01 0.34 1.03 
Reg.-Sigma CPK-linear 1 0.37 0.37 1.14 
Reg.-Antonik CPK-linear 1 1.25 1.25 3.80 
Reg.-slaughter weight-linear 1 0.61 0.61 1.85 
Reg.-Sigma CPK-2-linear 1 0.73 0.73 2.22 
Error 58 19.09 0.33 
Total 73 29.85 
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Table 28. Least squares analysis of variance for transmis­
sion. 
Source df SS MS F 
Sex 1 73.2 73.2 0.12 
Pig "blood type 5 3384. 676.9 1.14 
Stress classification 1 14673. 14673. 24.75** 
Alcohol classification 1 40.1 40.1 0.07 
Experiment number 3 2765. 921.9 1.56 
Reg.-Sigma CPK-linear 1 170.7 170.7 0.29 
Reg.-Antonik CPK-linear 1 48.2 48.2 0.08 
Reg.-slaughter wei^t-linear 1 1136. 1136. 1.92 
Reg.-Sigma CPK-2-linear 1 831.5 831.5 1.40 
Error 58 34391. 593.0 
Total 73 74814. 
**P-test significant (P<.01) 
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Table 29. Least squares analysis of variance for reflectance. 
Source df SS MS F 
Sex 1 58.91 58.91 1.87 
Pig blood type 5 332.4 66.48 2.11 
Stress classification 1 41.07 41.07 1.31 
Alcohol classification 1 18.24 18.24 0.58 
Experiment number 3 96.70 32.23 1.03 
Reg.-Sigma CPK-linear 1 13.62 13.62 0.43 
Reg.-Antonik CPK-linear 1 6.46 6,46 0.21 
Reg.-slaughter weight-linear 1 19.02 19.02 0.61 
Reg.-Sigma CPK-2-linear 1 0.59 0.59 0.02 
Error 58 1823.6 31.44 
Total 73 2477.5 
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Table 30. Least sq.\iares analysis of variance for A.D.G. 
Source df SS MS F 
Sex 1 .0001 .0001 0.01 
Pig blood type 5 .0299 .0060 1.05 
Stress classification 1 .0213 .0213 3.73 
Alcohol classification 1 .0034 .0034 0.60 
Experiment number 3 .1515 .0505 8.86** 
Reg.-Sigma CPK-linear 1 .0003 .0003 0.05 
Reg.-Antonik CPK-linear 1 .0060 .0060 1.05 
Reg.-slaughter weight-linear 1 .6115 .6115 107.3** 
Reg.-Sigma CPK-2-linear 1 .0065 .0065 1.15 
Error 58 .3306 .0057 
Total 73 1.3044 
**F-test significant (P<.Oi) 
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Table 31. Least squares analysis of variance for yield. 
Source df SS MS F 
Sex 1 .0003 .0003 0.79 
Pig blood type 5 .0020 .0004 0.94 
Stress classification 1 .0001 .0001 0.16 
Alcohol classification 1 .0046 .0046 10.80** 
Experiment number 3 .0005 .0002 0.39 
Reg.-Sigma CPK-linear 1 .0001 .0001 0.16 
Reg.-Antonik CPK-linear 1 .0004 .0004 0.85 
Reg.-slaughter weight-linear 1 .0021 .0021 4.96* 
Reg.-Sigma CPK-2-linear 1 .0011 .0011 2.62 
Error 58 .0249 .0004 
Total 73 .0376 
*F-test significant (P<.05) 
**F-test significant (P<.01) 
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Table 32. Least squares analysis of variance for average 
backfat. 
Source df SS MS F 
Sex 1 0.674 0.674 28.96** 
Pig blood type 5 0.098 0.020 0.84 
Stress classification 1 0.031 0.031 1.35 
Alcohol classification 1 0.040 0.040 1.71 
Experiment number 0.299 0.100 4.27* 
Reg.-Sigma CPK-linear 1 0.018 0.018 0.76 
Reg.-Antonik CPK-linear 1 0.008 0.008 0.36 
Reg.-slaughter weight-linear 1 0.666 0.666 28.57** 
Reg.-Sigma CPK-2-linear 1 0.007 0.007 0.29 
Error 58 1.351 0.023 
Total 73 3.513 
*F-test significant (P<.05) 
**P-test significant (PC.Ol) 
